Macrophages are essential components of the innate and adaptive immune responses, playing a decisive role in atherosclerosis, asthma, obesity, and cancer. The differential gene expression resulting from adhesion of macrophages to the extra-cellular matrix (ECM) has been studied in the J774A1 murine macrophage cell line using quantitative polymerase chain reaction (qPCR). The goal of this study was to identify housekeeping genes (HKGs) that remain stable and unaltered under normal culture conditions and in the presence of laminin after a time lapse of 6 and 24 h. The expression stabilities of eight commonly used reference genes were analyzed by determining the comparative threshold cycle ( ∆∆ Ct) values, and using the BestKeeper, NormFinder, and geNorm algorithms. BestKeeper analysis revealed that the glyceraldehyde-3-phosphate dehydrogenase (GAPDH), peptidylprolyl isomerase A (PPIA), and ribosomal protein L13a (RPL13A) genes were highly stable, confirming the results of the ∆∆ Ct analysis. On the other hand, NormFinder proposed RPL13A and beta-glucuronidase (GUSB) to be the most suitable combination, and geNorm adjudged RPL13A, PPIA, and GUSB to be the most stable across all culture conditions. All programs discarded the use of actin beta and beta-2-microglobulin for normalization. The collected data indicated that RPL13A, PPIA, GAPDH, and GUSB as highly suitable as reference genes for qPCR analysis of murine macrophages under normal and ECM-simulated culture conditions. This study also emphasizes the importance of evaluating HKGs used for normalization to ensure the accuracy of qPCR data.
INTRODUCTION
Macrophages are important players in the innate and adaptive immune responses. In their natural environment, macrophage response to extracellular matrix (ECM) components such as laminin and fibronectin, include adhesion, proliferation, gene expression, and signaling (Förster et al., 2008; McNally et al., 2008; Sorokin, 2010) . However, macrophages alter their cytokine/chemokine response profiles when cultured in hydrophobic, hydrophilic, and/or ionic surface-modified polymers (Dinnes et al., 2007; Jones et al., 2007) . The natural cellular response can be maintained if the ECM components are provided on material surfaces in such a way at the micrometer and nanometer levels that they simulate the natural topography of cell growth area (Yim and Leong, 2005) .
Previous studies have shown that macrophages play decisive roles in atherosclerosis (Riazy et al., 2011; Moore et al., 2013) , obesity (Baker et al., 2011) , and cancer (Yoshikawa et al., 2012; Zhang et al., 2013) . The murine macrophage lineage J774A1 cell line is a great in vitro model because of its remarkable plasticity (Franz et al., 2011; Hosokawa et al., 2011) . Several recent genomic studies have used the J774A1 cell line to evaluate cytokine/chemokine activity (El Aamri et al., 2015) , integrin modulation (Ferraz et al., 2016) , inflammatory activity (Bohr et al., 2013) , and cancer markers (Prorok-Hamon et al., 2014) . These studies mainly utilized quantitative polymerase chain reaction (qPCR), a reliable and versatile technique, to evaluate gene expression under various biological conditions. Accuracy of qPCR data requires normalization in order to validate the expression of housekeeping genes (HKGs) in each tissue and under each experimental condition (Vandesompele et al., 2002) . HKGs encode proteins that are essential for cell survival; therefore, the expression of these genes should be stable in all cells and tissues across various developmental stages and physiological and environmental conditions (Nelissen et al., 2010) . However, previous studies have demonstrated that HKG expression varies under different experimental conditions (Shah and Faridi, 2011; Jacob et al., 2013; Gimeno et al., 2014) ; this necessitates the use of at least three reference genes to ensure the correct normalization of qPCR data (Vandesompele et al., 2002) .
Several mathematical algorithms have been developed for the evaluation of reference genes. BestKeeper, a Microsoft Excel workbook, is a useful tool that ranks the stability of a candidate gene by pairwise correlations across the candidate reference genes (Pfaffl et al., 2004) . NormFinder algorithm (Andersen et al., 2004) estimates the variation in expression of each candidate reference gene, and provides an overall stability value. GeNorm (Vandesompele et al., 2002) defines gene stability as the average pairwise variation of a particular gene to other candidate genes. Another common alternative is the comparative threshold cycle ( didate reference gene is ranked based on the repeatability of gene expression (Silver et al., 2006) .
Several studies have attempted to evaluate the variation of HKGs in different tissues and samples, in order to propose the best candidate reference gene for qPCR. However, studies evaluating the expression stability of candidate reference genes in macrophages have not been reported, despite their role in determining the pathology and adaptive functional phenotype based on environmental stimuli (Franz et al., 2009) .
In this study, we attempted to determine if the most stable HKG can be suitable as a reference gene for the study of macrophage adhesion to ECM components. To the best of our knowledge, this is the first study attempting to determine the most suitable HKG facilitating the analysis of murine macrophages under normal and ECM culture conditions. By analyzing the results of this study, we formulated useful general guidelines for the experimental selection of reference genes for qPCR. Additionally, we observed that among the eight putative reference genes representing different functional classes and gene families, RPL13A, PPIA, GAPDH, and GUSB are the most constant and reliable reference genes that could be used to determine the adhesive capacity of mouse macrophages under ECM conditions.
MATERIAL AND METHODS

Cell culture and treatment conditions
J774A1 murine macrophage cells were cultured in Dulbecco's Modified Eagle's Medium (Sigma-Aldrich, St. Louis, MO, USA) supplemented with 10% fetal bovine serum (Sigma-Aldrich) at 37°C in a 5% CO 2 incubator. The culture medium was changed every 2 days and confluent cells were split by trypsinization. J774A1 cells (2.5 x 10 5 ) were then incubated under normal culture conditions (Ctrl) and in the presence of laminin (laminin-coated plates; 10 µg/mL; Sigma-Aldrich) for 6 h (6 h + lam) and 24 h (24 h + lam).
RNA isolation and cDNA synthesis
RNA was extracted in triplicate from Ctrl and laminin-coated condition using NucleoSpin RNAII kit (Macherey-Nagel, Duren, Germany) according to the manufacturer protocols. cDNA was synthesized from the extracted RNA using the Revert-Aid First Strand cDNA Synthesis Kit (Thermo Scientific Fisher, Carlsbad, CA, USA) according to the manufacturer protocols. The concentration and purity of cDNA samples were estimated by evaluating the ratios of absorbance at 260/280 and 260/230 nm using the Picodrop spectrophotometer (Picodrop, South Cambridgeshire, UK).
Selection of candidate reference genes
HKGs commonly used as reference genes in different tissue and cell lineages (Shah and Faridi, 2011; Jacob et al., 2013; Gimeno et al., 2014) were assessed for their use as reference genes in macrophages cultured under normal and laminin-coated conditions.
Primers specific for actin beta (ACTB), beta-2-microglobulin (B2M), glyceraldehyde-3-phosphate dehydrogenase (GAPDH), glucuronidase beta (GUSB), hypoxanthine phosphoribosyltransferase-1 (HPRT1), phosphoglycerate kinase 1 (PGK1), peptidylprolyl isomerase A (PPIA), and ribosomal protein L13a (RPL13A) were purchased from GenOne Biotechnologies (Rio de Janeiro, RJ, Brazil; Table 1 ). Figure S1 ). qPCR was performed in a StepOne Plus thermal cycler (Applied Biosystems, Foster City, CA, USA); the cycling conditions were set as per the manufacturer protocols. The 12-µL reaction mixture was composed of 6.25 µL SYBR Green Master Mix (Thermo Scientific Fisher), 100 nM ROX (Thermo Scientific Fisher), 50 ng cDNA, 1 µM forward and reverse primer (GenOne Biotechnologies), and 3.7 µL nuclease-free water. The PCR was followed by a melt curve analysis to determine the specificity of the PCR products and the absence of primer dimer formation. The amplification integrity of each candidate gene was confirmed by electrophoresing the PCR products on a 2% agarose gel; the gel was then observed under UV light (L Pix Molecular Imaging; Loccus Biotecnologia, São Paulo, SP, Brazil).
Analysis of reference gene expression
The fluorescence raw data was analyzed by using StepOne v.2.1 (Applied Biosystems); the mean threshold cycle, standard deviation, Pearson correlation coefficient (r), and coefficient of variance of gene expression were calculated between samples cultured under different conditions, based on their crossing points, using BestKeeper. The data was also analyzed using the comparative threshold cycle ( ∆∆ Ct) method in StepOne v.2.1; statistically significant differences in amplification efficiency were assessed using GraphPad Prism5 by two-way analysis of variance (ANOVA). Different groups and their conditions were compared by the Bonferroni post-hoc test. Results with P ≤ 0.05 were considered significant.
Comparative evaluation of the expression stability of candidate reference genes was performed using NormFinder (Andersen et al., 2004) and the Ct values were converted to relative quantities to analyze the logarithmic transformation using geNorm (Vandesompele et al., 2002) , in order to obtain a stability value (M value).
The analysis was based on the null hypothesis that amplification efficiency is comparable within sample groups allowing the detection of outlier samples, and that the amplification efficiency is comparable between sample groups in order to determine the amplification equivalence (Gimeno et al., 2014) .
RESULTS
Quality and integrity of cDNA samples
The quality and integrity of cDNA synthesized from laminin-treated and -untreated J774A1 murine macrophages were evaluated. The absorbance ratio 260/280 nm was used to assess the purity of DNA; the absorbance ratio 260/230 nm was used as a secondary parameter to identify the presence of contaminants. The average of absorbance ratios (mean ± SD) under normal culture conditions were 1.870 ± 0.04 (260/280 nm) and 1.896 (260/230 nm), and in the presence of laminin after a time lapse of 6 and 24 h were 1.845 and 1.832 (260/280 nm) and 1.939 and 1.967 (260/230 nm), respectively. These results suggested that the cDNA samples were of a sufficient quality and integrity for further analysis (Figure 1) . 
Specificity of real-time PCR amplification
The amplification plots (data not shown) were analyzed, and the presence of a single peak in each melting curve suggested primer specificity (Figure 2 ). Agarose gel electrophoresis of the PCR products confirmed these results; a single band was observed at the expected size of each gene tested in this study (Figure 1) . These results confirmed that the cDNA synthesized from extracted RNA was of sufficient quality for qPCR.
Expression profile of reference genes
Comparative threshold cycle ( 
Analysis of the expression stability of candidate reference genes in J774A1 cells cultured under simulated ECM-adhesion conditions
The expression of some candidate reference genes did not vary significantly between cells cultured under different experimental conditions. The most suitable combination of HKGs for normalization of macrophage gene expression in the presence of ECM factors was determined by further analyses.
The stability of the candidate genes was determined by performing a pairwise comparative analysis across candidate reference genes using BestKeeper, based on crossing points. The best stability values were determined by Pearson correlation analysis, and the candidate genes with high standard deviation (SD ≥1 starting template variation by the factor 2) were eliminated from further analysis (Pfaffl et al., 2004) . The expression coefficients of candidate reference genes were statistically significant under all three culture conditions (Ctrl, 6 h + lam, and 24 h + lam; P ≤ 0.001). However, the standard deviation and coefficient of variance (<10%) were lower for GAPDH, PPIA, and RPL13A, indicating the higher expression stability of these genes under different experimental conditions (Table 2 ). These HKGs also showed a strong uphill relationship (0.97 < r < 0.98). Moreover, the ∆∆ Ct values indicated the moderate abundance and wide range of expression of GAPDH, PPIA, and RPL13A under various culture conditions. The NormFinder algorithm was used to estimate the variations in gene expression between and within the groups, and to identify any systematic differences between subgroups. High expression stability is indicated by a low stability value that is associated with systematic error of each candidate gene (Andersen et al., 2004) . Indeed, the best stability value is almost equal to zero. The RPL13A gene showed high expression stability (Figure 4) . The best combination of HKGs for qPCR, as suggested by NormFinder was RPL13A and GUSB.
The tested genes were ranked according to their average expression stability measure (M value) using geNorm. A stable gene presents a low M-value (average geNorm M ≤ 0.5), while the highest M-value uphill default limit of 1.5 indicates the least stable gene (Vandesompele et al., 2002) . All HKGs showed high expression stability. However, RPL13A, PPIA, and GUSB showed optimal normalization (represented by the M-value), suggesting a high reference target stability and low combined variation ( Figure 5 ). 
DISCUSSION
The selected set of candidate reference genes ACTB, B2M, GAPDH, GUSB, HPRT1, PGK1, PPIA, and RPL13A are associated with a wide variety of cellular functions (Nelissen et al., 2010; Wang et al., 2012) . Therefore, the identification of reliable reference genes across various developmental and experimental conditions is required to avoid unstable or misleading qPCR results. Studies reporting HKGs information would contribute to the improvement of experimental design and assure the reproducibility and reliability of PCR results (Vandesompele et al., 2002; Dheda et al., 2004) .
After verifying the quality of the synthesized cDNA, we used different computational programs and statistical analyses to identify the best internal controls for normalization in macrophage adhesion experiments, as there is no universally accepted method to determine the reference genes for specific experimental conditions (Vandesompele et al., 2002; Andersen et al., 2004) .
ACTB and B2M were found to be the least stable reference genes, showing discordant ∆∆ Ct values, a high coefficient of variance, and high stability. This indicated that these HKGs are not good macrophage reference genes; these results also indicated that the expression of these genes could be reshaped by various ECM components present in culture, or be sensitive to adhesion-specific signaling. Previous studies have also reported divergent qPCR results for ACTB in rat oligodendrocytes and rat brain tissue (Bonefeld et al., 2008; Nelissen et al., 2010) and B2M in human heart tissues (Molina et al., 2014) . These findings emphasize the importance of evaluating all genes used for normalization, even if they are traditionally used in other studies (Nelissen et al., 2010) .
The remaining genes showed a similar range of ∆∆ Ct values; therefore, the BestKeeper and NormFinder algorithms were used to identify the most suitable normalization gene. BestKeeper showed that GAPDH, PGK1, PPIA, and RPL13A were stable across a wide expression range that was statistically significant across all experimental conditions. Interestingly, NormFinder analysis indicated that a combination of RPL13A and GUSB showed high expression stability, and geNorm ranked RPL13A, PPIA, and GUSB as high stability targets with a low combinatorial variation. These rankings are not identical; however, the order of stability of the candidate genes differed only slightly between BestKeeper, NormFinder, and geNorm.
All analytical programs indicated the high stability of RPL13A under all experimental conditions. This corresponds to the conclusions of previous reports that RPL family members are good candidates for internal reference genes in ovarian tissue (Fu et al., 2010) , breast cancer cells (Shah and Faridi, 2011), oligodendrocytes (Nellissen et al., 2010) , and small intestinal cells (Matoušková et al., 2014) .
GAPDH and PPIA were also highly stable under normal and laminin-coated conditions. The reliability and stability of PPIA was verified in macrophages under all culture conditions, similar to that observed in normal and ovarian cancer cells (Jacob et al., 2013) . Previous studies have reported GAPDH to be a highly unstable gene (Jacob et al., 2013; Gimeno et al., 2014; Matoušková et al., 2014) , as the gene expression can be influenced by certain experimental conditions (Barber et al., 2005) . Herein, we suggest that GAPDH can be considered as an internal control for macrophages, based on its stability and lower variance under various experimental conditions, as shown by BestKeeper analysis and the ∆∆ Ct values. This conclusion was also arrived at in lepidopteran insects, barley, and mouse uterus cells (Teng et al., 2012; Janská et al., 2013; Lin et al., 2013) .
GUSB, HTPR1, and PGK1 showed good stability values, but high coefficient of variance and standard deviation across experimental conditions, discrediting the possibility of using these genes as internal controls. Curiously, NormFinder and geNorm analyses indicated that GUSB was the second best reference gene, based on its stability. However, this is an expected outcome, as different mathematical approaches were used to calculate stability for each method (Artico et al., 2010; Gimeno et al., 2014) . The high correlation among the different programs used to rank the reference genes is a troubling shortcoming that can potentially influence internal control selection, as it is possible to obtain disparate results from different analytical tools (Jacob et al., 2013; Kozera and Rapacz, 2013) . This highlights the need for employing more than two analytical tools for the selection of a set of reference genes with varying functions, but with common regulatory effects.
To the best of our knowledge, this is the first attempt to identify suitable HKGs for qPCR analysis of J774A1 murine macrophage cells cultured under normal and ECM-simulating culture conditions. This study also helped formulate useful general guidelines for the selection of reference genes in macrophages for qPCR. We identified RPL13A, PPIA, GAPDH, and GUSB as the most constant, reliable, and indispensable reference genes for the analysis of macrophages.
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